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Abstract 


A brief review of energy use patterns in three economic sectors; namely, residential, indus- 
trial and transport sectors is provided in this paper. The transport sector is the largest energy- 
consuming sector in Thailand, followed by the industrial and residential sectors, respectively. 
In order to reduce both imported energy and environmental emissions, energy conservation 
programs would be implemented. This paper forecasts the growth in energy demand and corre- 
sponding emissions to the year 2020 for those three sectors by using a model based on the 
end-use approach. The energy savings from the energy conservation strategies, such as energy 
efficiency improvement and energy demand management, are assessed and also the impli- 
cations on electricity generation expansion planning are examined. The integrated resource 
planning (IRP) model is used to find the least-cost electricity generation expansion plans. 
Energy conservation options, including energy efficiency improvement programs, are intro- 
duced in the residential and industrial sectors. Public transportation and engine technology 
improvements are introduced in the transport sector. The effects of energy conservation options 
are analyzed using a scenario-based approach. The results of analysis reveal that the improve- 
ment of public transportation can reduce future energy requirements and CO, emissions in 
2020 by 635 thousand ton of oil equivalent (toe) and 2024 thousand ton of CO, equivalent, 
respectively. If all options are simultaneously implemented, the potential of energy savings 
and CO, mitigation in 2020 are estimated to be 1240 thousand toe and 3622 thousand ton of 
CO, equivalent, respectively. 
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1. Introduction 


Almost 50% of the total commercial energy supply in Thailand has been imported. 
In 2000, total energy imported was 39 730 thousand toe, an increase of 2.0% over 
the previous year [1]. The three economic sectors, namely, transport, industrial and 
residential sectors are the most energy-consuming sectors in Thailand. In 2000, the 
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transport sector consumed 18 652 thousand toe, accounting for 38.6% of total final 
energy consumption, followed by the industrial and residential sectors, accounting 
for 34.6% and 15.4% of final energy consumption, respectively. In order to reduce 
not only the imported energy but also the environmental emissions, these three sec- 
tors would be the main targets for implementing energy conservation programs. 

Due to the shortage of fossil fuel resources and the awareness of the air pollution 
problem, which is produced by the use of fossil fuel, the Thai government has tried 
to solve these problems. The most popular conservation activity to reduce energy 
consumption is known as the demand-side management or DSM. The DSM is also 
viewed as one of the most cost-effective ways to reduce greenhouse gases such as 
CO, [2]. Firstly, the DSM programs in Thailand were aimed at reducing electricity 
consumption of residential and commercial consumers. The program involves a cam- 
paign to promote efficient electric appliances such as fluorescent lamps, refrigerators 
and air conditioners. In recent years, efficient electric ballast and the high efficiency 
electric motors could be in the campaign. However, the efficient ballasts and efficient 
electric motors programs are not successful due to their high capital cost. Presently, 
a successful campaign is the labeling campaign for efficient refrigerators and air 
conditioners. Also, the efficient electric fans are already involved in the labeling 
campaign in 2002. 

In addition, a DSM option has been introduced in the transport sector. As the 
number of passenger cars (or sedan cars) has continuously increased, the traffic in 
the Bangkok Metropolitan area has become heavily congested. The passenger cars 
in Bangkok accounted for more than 50% of total passenger cars registered in 2000 
[3]. In recent years, much attention has been given to congestion management stra- 
tegies that can be used to alleviate traffic problems and also reduce energy consump- 
tion, especially in the Bangkok Metropolitan area. Transport Demand Management 
(TDM) strategies have long been contemplated as one of the approaches to solving 
congestion problems. Since the supply of transportation infrastructure alone cannot 
solve congestion problems, the TDM has grown in popularity and acceptance around 
the world. The TDM measures can be broadly classified into four approaches; 
namely, increasing vehicle occupancy, peak period diversion, route diversion to a 
less congested network and reducing overall demand in the system [4]. Therefore, 
in order to promote and to stimulate the awareness of energy conservation in the 
transport sector, many advisory spots and energy conservation activities have been 
conducted, such as car pool and car free day campaigns. Those activities aimed at 
increasing the number of passengers per vehicle and reducing overall energy demand 
of the system. However, to achieve the successful implementation of TDM strategies, 
it is important to determine a priori the acceptability of specific strategies. The results 
obtained from the study of Bhattacharjee et al. [5] indicate that the commuters 
accepted public transportation improvement as the most desirable and effective pol- 
icy. The introduction of mass rapid rail transit was rated as the best measure to 
combat Bangkok traffic problems, followed by the introduction of staff buses as a 
shared-ride strategy. 

Against this background, the long-range energy alternatives planning (LEAP) 
model is used to analyze energy demand and environmental emissions under alterna- 
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tive strategies in three main economic sectors, namely, transport, industrial and resi- 
dential. In order to evaluate the potential of energy conservation and emission 
reduction, especially CO, emission, two scenarios: business-as-usual (BAU) and 
alternative scenarios, are assessed. In the alternative scenarios, energy efficiency 
improvement in selected appliances is introduced in the residential and industrial 
sectors. Two strategies: public transportation improvement and engine technology 
improvement are introduced in the transport sector. The period of study starts in 
2003 and ends in 2020, with 2000 taken as the base year. Additionally, this paper also 
examines the impact of these strategies on the power generation expansion planning, 
because the change in electricity demand directly affects the selection of generation 
technologies in the electricity generation plan. The integrated resource planning (IRP) 
model, developed by Shrestha et al. [6], is used to determine the least-cost electricity 
generation expansion plan. 


2. Energy use pattern in the transport, industrial and residential sectors 


The energy requirement can be broadly divided into two categories: electricity 
and non-electricity. The proportion of each energy requirement depends on the 
activity purposes in each sector. 

In the transport sector, most of the energy demand in 2000 was for petroleum 
products, comprising diesel 53.4%, gasoline 26.6%, jet fuel 15.3%, fuel oil 3.7%, 
and liquefied petroleum gas (LPG) 1.0%, whereas a small fraction of electricity was 
initially used by sky trains [1]. The road transport takes the highest proportion of 80% 
of total energy consumption. For the vehicles registered under the Motor Vehicle Act, 
motorcycles accounted for as much as 66.31%, while passenger cars (sedan car) plus 
microbuses and passenger pickups and vans and pickups altogether accounted for 
another 28% [3]. 

The majority of energy consumed in the industrial sector is based on non-elec- 
tricity, comprising renewable energy, petroleum products, coal and its products, and 
natural gas. In 2000, the share of non-electricity requirement was 80.0% of the sec- 
tors’ final energy demand [1]. The major purpose of non-electricity utilization, 
mainly used in boilers and furnaces, is the thermal purpose. Although electricity 
consumption has not been the largest proportion of energy consumed in this sector, 
its share has been increasing rapidly. The share of electricity consumption accounted 
for 20.0% of total energy demand in this sector. The electric motor is the major 
electric equipment used in the industrial process. 

In the residential sector, the proportion of electricity requirement was 22.3% of 
total energy consumption and the remaining proportion of non-electricity demand 
was 77.7% in 2000 [1]. The electricity demand in this sector has been in electric 
devices, especially air conditioners, refrigerators and lighting. The non-electricity 
demand has been primarily in cooking devices such as charcoal stove, wood stove 
and LPG cooking stove. The non-electricity energy in this sector comprises renew- 
able energy such as wood, charcoal, and petroleum products such as LPG. 
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3. Framework of energy demand model 
3.1. The model framework 


The LEAP model has been developed by the Stockholm Environment Institute- 
Boston (SEI-B) and used to evaluate energy development policies [7]. The central 
concept of LEAP is an end-use driven scenario analysis. Additionally, the model 
includes the technology and environmental database (TED) to estimate environmen- 
tal emissions of the energy utilization. In this study, the current energy situation is 
created in the starting year, and a base scenario can be developed assuming a contri- 
bution of current trends. This BAU scenario is called the base case. Then, other 
policy scenarios with alternative assumptions are developed as an alternative case. 
The LEAP model emphasizes the detailed evaluation of specific energy problems 
within the context of integrated energy and environmental planning for each scenario 
or combination of scenarios. 

The LEAP framework is disaggregated in a hierarchical tree structure of four 
levels: sector, sub-sector, end-use, and device (see Fig. 1). The model contains two 
main modules: the energy demand module and the TED module. In the energy 
demand module, the energy intensity values along with the type of fuel used in each 
device are required to estimate the energy requirements at sector, sub-sector and 
end-use level. The emission factors of different pollutants in the TED module are 
linked to the device level to appraise the environmental emission from the energy 
utilization during the planning horizon. 

The LEAP model requires data for at least the base year and any of the future 
years. Then, using the function such as interpolation or extrapolation or the growth 
rate method, the future energy demand and emissions are estimated for the other 
years. However, in this study some parameters, which will be described below, are 
prepared and then input to the model. Taking into account the projected parameters 


Sector Sub-sector End-use Device Energy Intensity 
Household Urban Lighting FL — — — Electricity (KWh/HH) 
(number of HH) (% share of HH) (9o share of HH) (96 share of HH) 
Rural Cooking CFL Electricity (kWh/HH) 
(% share of HH) (% share of HH) (% share of HH) 
Industrial Food and beverages Electric motor Existing —————— Electricity (KWh/$US) 
(GDP in M$US) (% share of GDP) (% share of GDP) (% share of GDP) 
Textile Furnace High efficient Electricity (kWh/$US) 
(% share of GDP) (% share of GDP) (% share of GDP) 


Transport Bangkok Sedan Existing Gasoline (liter/pass-km) 
(pass-km/person) (% share of pass-km) (% share of pass-km) (% share of pass-km) 
Provincial Motorcycle High efficient Gasoline (liter/pass-km) 


(% share of pass-km) (% share of pass-km) (% share of pass-km) 


Notes: HH stands for household. FL stands for fluorescent lamp. CFL stands for compact fluorescent lamp. 


Fig. 1. Example of tree structure in the energy demand module of LEAP model. 
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in the LEAP model, the energy demand and their emissions are also evaluated. In 
this study, the emission factors are based on values recommended by the Intergovern- 
mental Panel on Climate Change [8]. 


3.2. Model of energy demand 


The model of energy demand in each sector is formulated and disaggregated based 
on the format of the LEAP model. The historical data are the secondary data collected 
from several reports of the government and non-government agencies such as the 
National Economic and Social Development Board (NESDB), Department of Local 
Administration (DOLA), National Statistical Office (NSO), Bangkok Mass Transit 
System Public Company Limited (BTS), etc. and other research. 


3.2.1. Transport sector 

In the transport sector, only the road transport is considered due to its high pro- 
portion in total consumed energy in the transport sector. The energy demand can be 
estimated by using the volume of traffic in terms of vehicle kilometer. The number 
of vehicles should be projected and then multiplied with the average distance per 
year to appraise the vehicle kilometers per year. The energy demand in road transpor- 
tation is formulated as a function of the number of vehicles, average distance, pro- 
portion of vehicle type and fuel economy or fuel efficiency of vehicle. However, in 
the LEAP framework total passenger-travel demand is expressed in terms of passen- 
ger-kilometers. So, total travel demand in the sector level is estimated as follows: 


TD, = X.V, X D; X LF; (1) 


where TD, denotes the total travel demand in year t expressed in passenger-kilomet- 
ers (pass-km), У,, denotes the number of vehicles i registered in year 1, D; denotes 
the average distance of vehicle i (km) and LF; denotes the load factor of vehicle ; 
or the average number of occupants (passenger/vehicle). 

Generally, the number of population per vehicle tends to decrease when a country 
develops. In order to estimate the number of vehicles, from the person-per-vehicle 
point of view, there should be a lower limit of car ownership to be incorporated in 
the estimated number of vehicles [9]. The estimation can be done with the log-limit 
equation where the limit is incorporated in the GDP and population. The number of 
vehicles can be estimated by the following equation: 


Vis = e 4; *PjXGDP;rcixPop) + LV; (2) 


where LV; denotes the lower limit of vehicle type i, and а, b; and c; denote the 
coefficients in the model of vehicle i. Lower limits of each vehicle used in this study 
and comparison of model-based forecast and actual number of registered vehicles 
in 2000 are presented in Tables 1 and 2, respectively. The travel demand for road 
transportation is estimated based on Eqs. (1) and (2), as shown in Table 3. 

In sub-sector and end-use levels, the shares of total passenger travel demand by 
different areas and different vehicles are estimated based on Eq. (1). Each vehicle 


373 


S. Tanatvanit et al. / Renewable and Sustainable Energy Reviews 7 (2003) 367-395 


101] мод peureiqo st 9 Apmg „ 
[6] шоу peurejqo st y Apmg q 
'[g] шолу peurejqo st ојотцол ләй uone[ndod jo лодшти Jeny „ 


007 007 005 = = 619 799 119 SIYO “OT 
0001 = Е = 00€ ЄР9С 0 016с ѕпа ели реше “CT 
055 001 005 = 0€ 619 LLC 955 тозе], “yl 
001 05 001 001 0c SII IL 601 Jony әзелид ‘$1 
007 001 001 007 0c LOET ОРТ ІРА xong этот роху-пом ‘ZT 
0008 0001 0001 0008 007 66601 0051 8269 snq әзелид "TT 
0001 007 0001 0001 007 69/7 918 1055 ony јој sng '01 
007 OSE 007 007 007 146 69€ ср8 ѕпа ojno1 рәх! `6 
€ € € € € S € v әүәАәлотор `8 
0001 00L 0001 = = ПТ LOL OIEI тхе] ојоХомиојор `L 
009 009 009 = = 056 v6 769 8702 TXE} әзпо1 рэх `9 
0€ 0€ 0€ 0€ = 60v 9c 88 1£6 1x8} ueqi() ‘с 
000 01 000€ 000 01 = ш LLL YI 6109 Scc EL ојоАопиојо у 
Е Е € € D £c 8 61 dnyoid pue ue, 'Е 
001 OI 001 001 € LIT ST SOT dnyord pue snqoI "cz 
€ t € € € S9 © 6с Jeo Jasuassed '1 
QOUIAOI yoysueg e[OuA, od aV QOUIAOIg xoxsueg e[ouA, 
Apnys siu] зотргу5 лофдо 20007 ut әүәгцәл Jad suosied jo ‘ou [enjoy sodA} o[otuoA 


әјотцәл sod suosiod jo защ ломо 
Г аав], 


S. Tanatvanit et al. / Renewable and Sustainable Energy Reviews 7 (2003) 367-395 


374 


cel L6 V6C 66 619 88 IHL 06 EISS 6668 $19430 “OT 
068 Ic L9T IT 068 Ic L9T IT = - snq [eni [еш "GT 
0c6 ПТ TOE ИТ $89 16 v8L 06 SET OT 81S 0c 21032811, #1 
Sot voc L90 69€ 805 88? OVE 68V [58 SL ICL 6L onn eyAuq ‘Є 
ESP €8 ESP €8 980 ЕР ПО ЄЎ СОР LE Crt Ot yon} 9jno1 роху-пом "c 
SYLL 6168 СИР IEIS v99€ 8816 snq әзелид "p 
066 61 OL 81 CCE TI S8L IT 89CL 1969 злу 103 sng '01 
667 IL SST EL 769 95 918 LS 109 РІ 6L€ ST snq 2jnoJ PXH `6 
9Р8 SSS ЕТ 09€ 918 €I 106 6cL 11 OIL 158 11 срб S78 Т 058 796 I 9[9K21010]A `8 
SSI LY LTT Lv SSL 6t Рс8 6€ IOvL COL Txt} әтәАошлоор{ `L 
7988 6LL8 L99 COS 6618 1818 TXE} әјпоч рэхы `9 
TEL L9 6vv 99 9616 8016 OLS S9 Ice v9 тхе] WQN ‘`6 
6007 6/37 УЕ 508$ £68 9101 ојоАопмодо "p 
8ST LET € STS 607 € £60 597 © 670 CLV C СУТ YLL 9LY LEL dnyord pue ueA ‘є 
969 €LS сре YSS TET 917 STL 8ST С9ф LSE LTS S6T dnyord pue sngodorj "cz 
181651 c ЭГ ИТС 896 [08 8/1 0/8 ЕТС 156 1 $86 ОТС I тез Josuassed '1 
15002910] [enjoy 35209104 [епу 35209104 [епу 
Wopsury 24M тетошлоЈа ируцойодәрү yoysueg sodA} IPA 


0005 UI зојотцол рәлә]518ә1 jo лодшти [enjoe pue 3589910} розеда-јорош Jo позива шој 


с NLL 


375 


S. Tanatvanit et al. / Renewable and Sustainable Energy Reviews 7 (2003) 367-395 


ETZ 961 ors 81 TSS 08 SIIIO “OT 
бї = €L9 = €68 = snq Тели [еш "GT 
16% Ire I 106 996 0595 76S JOJoel[ ‘pI 
OLL 8€ 1159 РОР SE 89/5 956 6C ИЗ? Yon әјвлид “€] 
OLI OI 1281 1596 1291 9087 8671 xong ојпол роху-пом "zT 
TOT СЕ 617 YL 191 SZI snq әўелид ‘И 
2191 [7 8601 185 969 ESE arq 10} sng `0] 
0007 6701 TTIE 666 0575 TL6 snq эпох рәх `6 
981 SZI 797 11 EEL SOI 176 01 S69 99 150 11 ојзАолојор `8 
8/5 SEZ TSY 17 095 1229 їхеу 9[2K9LD10]O]A[ `/, 
0€ Отт SI ОРТ I 881 тхе] әупол рэхы “9 
ср S80L 8/ 6909 ТЕТ 196€ тхе} паду ‘$ 
101 e 68 ЕТ LS 91 әүәКәшлозор "p 
116{ў© 781 СЕ 611 001 85 Obl Cr OSL CI Япона pue чел ‘є 
УССУ LEITI [4737 2766 6175 0619 dnyord pue snqouor "c 
$06 291 086 0€ 96S 65 8с 8c РРС ZI СОР 61 Jeo Josuosseg '1 
QOUIAOI SAA QOUIAOIg 338 QOUIAOI 338 
0505 oroz 0005 


(1ejouro[p[-1eSuessed ,()[) риешер әлец рэзеиз$Я 


sodA} o[otuoA 


uonejlodsuen peoi 10у риешәр јолед pojeuinsq 
© ILL 


376 S. Tanatvanit et al. / Renewable and Sustainable Energy Reviews 7 (2003) 367-395 


is disaggregated into existing technologies and alternative technologies or fuels. The 
energy intensities of vehicle technologies under device level are calculated based on 
fuel economy and occupancy, and expressed in terms of liters per passenger-kilomet- 
er 


1 
а (3) 


where ЕГУ; denotes energy intensity of vehicle i (l/pass-km) and FE; denotes fuel 
economy of vehicle i expressed in vehicle-kilometers per liter (veh-km/l). The energy 
intensity of vehicle type is estimated as presented in Table 4. 

In 2000, the Bangkok Mass Transit System (BTS) or the sky train has been oper- 
ated. Therefore, the electricity demand for this transport mode is considered. The 
estimation of transport demand is based on the load factor, average distance and 
operating hours in 2000 [11]. 


3.2.2. Industrial sector 

In this study, the industrial sector can be broadly classified into nine manufacturing 
sub-sectors, including food and beverages, textile, wood and furniture, paper, chemi- 
cal, non-metalic, basic metal, fabricated metal, and others (unspecified). The energy 
demand projection in the industrial sector is formulated as a function of gross dom- 
estic product (GDP), proportion of utilized energy, device efficiency and useful 
energy intensity. 

In sector and sub-sector levels, the historical data of GDP are taken from the 
NESDB and used to project the future GDP by using the average annual growth rate 
of 3%. The proportions of GDP in the industrial sub-sectors are assumed to be con- 
stant during time horizon. The proportions of energy utilized in end-use and device 
levels are derived from the energy consumption in 2000 [1] and are also assumed 
to be constant during the planning period, as presented in Table 5. The average 
efficiencies of industrial equipment are taken from the energy audits reports of King 
Mongkut’s University of Thonburi (KMUTT). However, it is too difficult to classify 
types of devices with a specific energy because of the variety of devices and also 
the limitation of data in the industrial sector. So, it is assumed that each type of 
energy in each manufacturing sub-sector is used in a specific device. The useful 
energy intensity is estimated by the following equation: 


(EnU;; X Niy) 
a c e 
Я j 


where UEI, denotes the energy intensity in industrial sub-sector j (ktoe/10° Baht), 
EnU,, denotes the energy type i utilized in industrial sub-sector j (Кое), 1, ; denotes 
the efficiency of equipment using fuel type i utilized in industrial sub-sector j, and 
GDP; denotes the gross domestic products of industrial sub-sector j (10° Baht). The 
average useful energy intensity in each sub-sector is presented in Table 6. 
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Table 6 
Average useful energy intensities in industrial sub-sectors 


Sub-sector Average useful energy intensity (ktoe/10 Baht) 
Food and beverages 0.0213388 
Textile 0.0052836 
Wood and furniture 0.0100809 
Paper 0.0185502 
Chemical 0.0094627 
Non-metalic 0.0216113 
Basic metal 0.0338194 
Fabricated metal 0.0225538 
Others 0.0155091 


3.2.3. Residential sector 

Based on the LEAP framework and the tree structure in the demand module in 
Fig. 1, the projection of the number of households over time horizon is formulated 
as a function of the population and size of households as follows: 

poe 5 

= 5, (5) 

where Н, denotes the number of households in year 1, 5, denotes the size of house- 

holds in year t, and P, denotes the number of population in year t. The household 

sizes of the projected population are estimated by using the log-limit model [10]. 

The lower limit of household sizes applied in this study is three persons per house- 
hold. The projection of number of households is presented in Table 7. 

In sub-sector level, the proportion of the number of households is separated into 
two major areas: urban (Bangkok Metropolitan) and provincial, and estimated by 
using Eq. (5). 

The proportion of end-use devices is disaggregated into existing appliances and 
high efficiency appliances, which are either in use or are likely to be introduced in 
the future. The energy intensity of each appliance can be formulated as a function 
of number of appliances, capacity of appliances and average usage hours. The aver- 
age number of appliances per household and usage hours per day are obtained from 
the statistical data and reports of the Department of Alternative Energy Development 
and Efficiency (DEDE), former named the “Department of Energy Development and 
Promotion (DEDP)” [13]. The average capacity of conventional and high efficiency 
appliances is taken from the public documents of the DEDE and market survey. The 
following equation is used to estimate the average energy intensity of each end- 
use appliance 


EI; = hr;Cap;No; (6) 


where EI; denotes the energy intensity of appliance i (kWh/year-HH), hr; denotes 
the usage hours per year of end-use device i (h/year), Cap; denotes the average 
capacity of end-use device i (KW), No; denotes the average number of end-use device 
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i per household (unit/HH), and HH denotes the household. The average intensity of 
end-use appliances is presented in Table 8. 


3.3. Scenario construction and assumption used in this study 


The LEAP model is implemented in three sectors: residential, industrial and trans- 
port sectors to illustrate the effect of alternative strategies on energy utilization and 
emissions. The BAU scenario is constructed based on the current trends in each 
sector. In the alternative scenarios, one scenario is conducted in the residential and 
industrial sectors and two scenarios are conducted in the transport sector. 


3.3.1. Business-as-usual scenario 

In the BAU scenario, the current trends of parameters in each sector are assumed 
to be increasing continuously, as described in the previous section. In the transport 
sector, the estimated travel demand based on the number of vehicles and occupancies, 
and average distances are presented in Table 3. The average fuel economy of each 
vehicle type is given in Table 4. In the industrial sector, the proportion of energy 
utilization in industrial sub-sectors and average useful energy intensities are shown 
in Tables 5 and 6. In the residential sector, the projected number of households and 
average energy intensities of appliances are presented in Tables 7 and 8. In the BAU 
scenario, the present efficiency of any appliances and technologies, and the pattern 
of energy utilization for different appliances and technologies are unchanged in the 
future. The ongoing projects are not implemented. In addition, the environmental 
emissions are also evaluated using TED of the LEAP model (see Table 9). 


3.3.2. Alternative scenarios 

3.3.2.1. Energy efficiency improvement in the residential and industrial sectors (EEI) 
scenario This scenario considers the replacement of low efficiency appliances with 
the high efficiency ones including both non-electric and electric appliances. For non- 
electric appliances, the conventional wood, charcoal, and LPG stoves are replaced 
by the high efficiency appliances with the same replacement rate of 20% of the 
additional appliances in each year. The non-electric appliances are considered only 
in the residential sector. For electric appliances, three types of efficient appliance 
programs in the residential sector are considered; namely, refrigerators, air condi- 
tioners and electric fans. The conventional refrigerator, air conditioner and electric 
fan are replaced by high efficiency ones with the replacement rate of 50% of the 
additional appliances in each year. In addition, one type of efficient appliance; elec- 
tric motors, is considered in the industrial sector. The motors used in the industrial 
sector can be divided mainly into five groups corresponding to their capacity; namely, 
less than 5 hp, 5—20 hp, 20-50 hp, 50-125 hp, and more than 125 hp. The technical 
data for conventional and energy efficient motors (EEMs), including energy 
efficiency and annual operating hours, are based on Shrestha et al. [14] and NEPO 
[15]. The replacement rate of the high efficiency motor is based on the saving target 
of the DSM plan. The remaining data is the same as in the BAU scenario. 
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3.3.2.2. Public transportation improvement (PTI) scenario This scenario considers 
the public transportation system, especially the Mass Rapid Transit (MRT) and the 
extension of BTS. According to the master plan of Mass Rapid Transit Authority 
(MRTA), the first phase of the MRT project will be operated in 2003 with an average 
distance of 14 km. The total distance of the whole project is approximately 80.4 
km, which will be completed in 2017 [16]. In addition, the extension project of BTS 
has been already approved. The total distance of the extended project is approxi- 
mately 20 km. There are four assumptions taken into account in this scenario based 
on the plan of the MRTA. Firstly, the working time starts at 5:00 am and ends at 
12:00 pm. Secondly, the commissioning schedule of the MRT project will be oper- 
ated on time of the plan. Thirdly, the number of passengers is based on the MRTA's 
study. Finally, the extended project of BTS will be operational in 2007. 


3.3.2.3. Fuel economy improvement (FEI) scenario This scenario considers the 
improved engine technologies that would reduce fuel requirement. In recent years, 
the efficiency of the automotive technologies in terms of fuel requirement per vehicle 
kilometer has been improved, especially the efficiency of passenger cars and passen- 
ger pickups. Two assumptions are taken into consideration in this scenario: (1) the 
proportion of the efficient passenger cars increases annually by 1% of the additional 
passenger cars in each year, and (2) the fuel economy of conventional and efficient 
automotive technologies is based on the study of King Mongkut's Institute of Tech- 
nology Thonburi [12], as given in Table 4. 


4. Electricity generation expansion planning 
4.1. Framework of the IRP model 


The electricity generation expansion planning in this study is based on the least- 
cost power expansion planning analysis. The IRP model is applied to determine the 
least-cost electricity generation expansion plans (see [6] for details of the formulation 
of the model). The objective function of the IRP model is the total cost including 
capacity cost of candidate power plants, fuel-cost, and also operating and mainte- 
nance costs of existing and candidate power plants. The emissions of СО, SO, and 
NO, are automatically calculated based on the least-cost fuel requirement as determ- 
ined by the IRP model by using the emission factors provided by the IPCC [8]. The 
IRP provides a wider choice of resources to meet the forecasted demand at a least- 
cost manner resulting in a lower emission level. 


4.2. Input data and assumptions 
In this analysis, the planning period starts in 2003 and ends in 2020, with 2000 


taken as the base year. The data on existing committed and candidate power plants, 
annual peak demand, load profile and other related data are based on the Power 
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Development Plan [17] provided by the Electricity Generating Authority of Thai- 
land (EGAT). 

In 2000, total installed generating capacity was 18 951 MW, including 2886 MW 
of hydro power plants, 6493 MW of thermal power plants, 5075 MW of combined 
cycle power plants, 662 MW of gas turbine and diesel engine power plants, and 
3842 MW purchased from other power suppliers [17]. The annual peak demand is 
obtained from the load forecast of EGAT, which supports information in the period 
of 2003-2011. The trend of the load is used to forecast the load from 2012-2020 
at a constant load factor of 0.723 [17]. The system load is expected to increase from 
18 399 MW in 2003 to 44 679 MW in 2020. 

The candidate thermal plants can be classified into two categories: (1) conventional 
plants including coal- and oil-fired steam plants, gas-based combined-cycle plants, 
and diesel gas-turbine plants, and (2) renewable-based plants including biomass- 
based plants and solar power plants. The technical characteristics and cost data of 
the candidate power plants are presented in Table 10. 


4.3. Descriptions of case studies 


The generation expansion planning is divided into three cases: the BAU or the 
BIRP case, the energy conservation or the EIRP case, and the combination of energy 
conservation and renewable energy options or the REIRP case. In the first case, only 
the supply-side options are considered in order to meet the forecasted demand while 
in the latter two cases the reduction of demand due to energy conservation programs 
is introduced. 

In the BIRP case, only the conventional candidate power plants are considered to 
meet the future demand. The candidate power plants include coal- and oil-fired steam 
plants, gas-based combined-cycle plants, and diesel gas-turbine plants. In the EIRP 
case, the annual peak demand is deducted due to the implementation of the energy 
conservation programs in the transport, industrial and residential sectors. The supply- 
side options in this case consider only the conventional candidate plants. In the 
REIRP case, both the renewable energy options, including biomass and solar energy, 
and energy conservation programs are simultaneously combined. 


5. Results and discussions on energy demand and energy saving 
5.1. Results of the BAU scenario 


In the BAU scenario, results from the LEAP model reveal that the total energy 
demand is estimated to be about 39 724 thousand toe and 88 319 thousand toe in 
2000 and 2020, respectively, as presented in Table 11. The energy requirement in 
2020 is more than two times the energy demand in 2000. In the transport sector, 
which focused only on the road transportation, the energy demand is estimated at 
15 408 thousand toe and 48 043 thousand toe in 2000 and 2020, respectively. In 
2000, the requirement of diesel is estimated to be about 6596 of the total energy 
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requirement in this sector and is expected to decline to 60% in 2020. The share of 
LPG demand decreases from 1.35% to 0.72%, while the share of gasoline is expected 
to increase from 34% to 39%. In the industrial sector, the projected demand increases 
from 16 741 thousand toe to 30 236 thousand toe. The projected energy requirement 
in the residential sector increases from 7575 thousand toe in 2000 to 10 040 thousand 
toe in 2020. The proportion of electricity demand in this sector gradually increases 
from 23.24% in 2000 to 32.85% in 2020. Although the proportions of non-electricity 
demand comprising charcoal, fuel wood and LPG gradually decreases, the LPG 
demand is expected to increase from 12.46% in 2000 to 19.81% in 2020. 

In addition, the CO, and other harmful emissions are estimated by using the emis- 
sion factors in the TED of the LEAP model. The CO, emissions in terms of CO, 
equivalent (СО) are increased by 132 534 thousand tons in 2020 which is higher 
than two times the СО... in 2000 (Fig. 2.). The NO, and SO, emissions in 2020 are 
estimated to be approximately 631 thousand tons and 397 thousand tons which are 
higher than those in 2000 by approximately three times and two times, respectively 
(see Table 12). 


5.2. Scenarios analysis 


The EEI scenario, which emphasizes the efficiency improvement of electric and 
non-electric appliances in the residential and industrial sectors, can reduce not only 
the energy requirement but also the environmental emissions. Results show that an 
overall energy saving and reduction of CO, emissions in 2020 are approximately 
107 thousand toe and 39 thousand tons of СО. respectively, when compared to 
the BAU scenario (see Table 11). The reduction of electricity demand is estimated 


250,000 
El BAU Scenario 

А ШЕЕ! Scenario 
2 200,000 : 
я ОРТ! Scenario 
E O FEI Scenario 
2 150,000 
= 
© 
= 
S 100,000 
« 
= 
= 
= 
Фф 
ô 50,000 
о 


2000 2003 2005 2010 2015 2020 
Year 


Fig. 2. Projection of CO, emissions under different scenarios. 
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to be 18% of the overall energy saving and 82% for non-electricity demand. Most 
non-electricity savings come from the implementation of efficient cooking stoves in 
the residential sector. Also, the reduction of electricity demand is mainly from the 
implementation of efficient appliances in the residential sector which accounts for 
13% of the total energy saving. 

The PTI scenario, which increases public transportation systems, especially the 
MRT and BTS projects, could further reduce energy requirements and environmental 
emissions. While the electricity requirement is increased by 9 thousand toe due to 
the extension of MRT and BTS projects, the gasoline and diesel demand is decreased 
by 637 and 7 thousand toe, respectively, in 2020 compared to the BAU scenario. 
As a result, overall energy saving and reduction of CO, emissions in 2020 are esti- 
mated to be about 635 thousand toe and 2024 thousand tons of СО. In addition, 
NO, emission is estimated to reduce by approximately 3.2 thousand tons in 2020. 

In the FEI scenario, which emphasizes the fuel economy improvement in passen- 
ger cars, the gasoline and diesel requirement could be reduced by 256 and 242 thou- 
sand toe and CO, emissions could be mitigated by 1560 thousand tons of СО, in 
2020 compared to the BAU scenario. Moreover, NO, emission can be reduced by 
4.3 thousand tons in 2020. 

The results of scenarios show that it is possible to reduce energy demand by 
0.12%, 0.72% and 0.57% of total energy consumption in 2020 through the implemen- 
tation of efficient appliances in the residential and industrial sectors (EEI scenario), 
the improvement of public transportation (PTI scenario) and the increase in fuel 
economy of passenger cars (FEI scenario), respectively. The corresponding figures 
in the mitigation of CO, emission are expected to be 0.02%, 0.91% and 0.70% of 
total СО... in 2020. If all scenarios are simultaneously implemented, the potential 
of energy saving and CO, mitigation in 2020 are 1241 thousand toe and 3623 thou- 
sand tons CO; respectively. Also, NO, emission is mitigated by 7.5 thousand tons 
in 2020. The mitigation of environmental emission is mainly from the reduction of 
non-electricity demand. 


6. Impacts on power generation expansion plan 


Results of the least-cost plans from the IRP model reveal that the introduction of 
the energy conservation programs and renewable energy options could affect the 
installed capacity, energy generation, generation mix and environmental emissions 
e.g., СО», SO, and NO, emissions. Also, the total cost of electricity generation could 
be affected through these implementations. The reduction of electricity demand 
through the energy conservation programs results in less installed capacity, electricity 
generation and environmental emissions, particularly CO, emission. The implemen- 
tation of renewable power plants, which is considered as zero CO, emission, reduces 
the share of coal-based generation; therefore, the CO, emission can be reduced as 
well. In addition, other emissions such as SO, and NO, are also diminished. The 
reduction of electricity generation reduces both the investment cost and fuel cost. 
As a result, the total costs including capital and operating and maintenance costs 
would be decreased. 
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Table 13 
Generating capacity by plant types in 2020 


Case Generating capacity (MW) Total capacity 
study (MW) 

Hydro . Coal-fired Oil-fired СС GT IPP Biomass 
BIRP 2886 32 900 2970 11 900 168 5244 - 53182 
EIRP 2886 31 900 3270 11 900 268 5244 - 52 582 
REIRP 2886 32 500 2970 11 600 168 5244 100 52 582 


In the BIRP case, the total additional capacity and total electricity generation dur- 
ing the planning horizon are estimated to be 46 846 MW and 3983 TWh, respect- 
ively. The coal-based plants take the highest proportion in total installed capacity 
and electricity generation in all cases followed by the generation of the gas-based 
and oil-based plants, respectively. In the EIRP case, the total installed generation 
capacity is estimated to decrease by 600 MW, compared to the BIRP case, as well 
as in the REIRP case (see Table 13). Also, the cumulative generation reduction 
through the energy conservation programs during 2003—2020 is evaluated to be about 
38 442 GWh in both the EIRP and REIRP cases (see Table 14). 

The profile of electricity generation would also change after the implementation 
of both the energy conservation programs and the renewable energy options. The 
generation share of coal-based plants decreases from 35.99% in the BIRP case to 
35.23% in the EIRP case and to 35.09% in the REIRP case, as presented in Table 
14. In the REIRP case, approximately 1426 GWh of electricity is generated from 
biomass-based plants, whereas no electricity is generated from the solar-energy plant 
due to its high capital cost. According to the change in generation-mix, the fuel-mix 
and fuel requirement would be different in each case. Total fuel requirement in the 
EIRP and REIRP cases is estimated to be less than that in the BIRP case by 8180 
thousand toe and 7629 thousand toe, respectively. 

The reduction in environmental emissions such as CO,, SO, and NO, emissions 
can take place either by the change in electricity requirements in terms of generation 


Table 14 
Generation-mix by plant types during the planning period 


Case Electricity generation (TWh) Total 

study (TWh) 
Hydro Coal-fired Oil-fired CC GT IPP Biomass 

BIRP 75 1433 319 1403 39 714 – 3983 

EIRP 75 1389 321 1405 40 715 – 3945 


REIRP 75 1384 319 1411 39 715 2 3945 
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Table 15 
Estimated emission during 2003-2020 


Case study CO, (10° ton) SO, (10? ton) NO, (10? ton) 
BIRP 2895 4774 10 873 
EIRP 2857 4768 10 751 
REIRP 2852 4766 10 740 


reduction, which also decreases fuel requirements, called demand-side effect or the 
change in electricity generation-mix and fuel-mix, called supply-side effect [18]. In 
both EIRP and REIRP scenarios, the emissions can be reduced through not only the 
supply-side effect but also the demand-side effect. Table 15 presents cumulative 
СО», SO, and МО, emissions in the planning horizon. In the EIRP case, total CO, 
emission in the planning horizon is found to be less than that in the BIRP case by 
38 299 thousand tons. Also, in the REIRP case the CO, emission is estimated to 
mitigate by 42 762 thousand tons compared to the BIRP case. The CO, emission in 
the REIRP case can be mitigated higher than that in the EIRP case when compared 
to the BIRP case. This is due to the preeminence of supply-side effect. In the REIRP 
case, the biomass-based plants, which are considered as net zero CO, emission, 
would be introduced and also selected in the plan. Apart from the mitigation of CO, 
emission, other emissions such as SO, and NO, emissions are also diminished. In 
the EIRP and REIRP cases, the cumulative SO, and NO, emissions during the plan- 
ning period are estimated to mitigate by 5.60 thousand tons and 122.23 thousand 
tons, and by 8.20 thousand tons and 133.11 thousand tons, respectively. 

Total costs of electricity generation in all cases are presented in Table 16. Total 
expenditures, including capital and operating and maintenance (O&M) costs in the 
EIRP and REIRP cases, are evaluated to reduce by US$ 411 million and US$ 424 
million, respectively, compared to the BIRP case. Although the capital cost in the 
REIRP case is higher than the cost in the EIRP case, the fuel and O&M costs are 
estimated to be less than those in the EIRP case, resulting in lower total costs of 
electricity generation in the REIRP case (see Table 16). 


Table 16 
Cumulative costs during the planning horizon 


Case study Cost components (10° US$) LRAC* (cents/kWh) 
Capital O&M Total cost 

BIRP 5940 37 780 43 720 3.32 

EIRP 5789 37 520 43 309 3.32 

REIRP 5790 37 506 43 296 3.32 


а LRAC stands for long run average cost. 
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7. Conclusions and recommendations 


The assessment of energy demand along with the environmental emissions can 
help the energy planner to develop an energy plan in a sustainable manner. The 
scenario analysis reveals that the implementation of public transportation systems 
has a high potential to reduce both energy requirements and CO, emissions, followed 
by the improvement of fuel economy in passenger cars and the energy efficiency 
improvement of appliances. The highest potential of energy savings and mitigation 
of CO, emission in 2020 are expected to be 1240 thousand toe and 3622 thousand 
tons, respectively, if all strategies are simultaneously implemented. In this study, 
however, the penetration rate of efficient appliances, especially efficient motors in 
the industrial sector, is assumed to be at a very low rate. Because most efficient 
motors utilized in Thai industrial sector have been imported [15], their capital cost 
is too high compared to the conventional motors. However, electric motors are the 
main electricity-consuming devices used in the industrial sector. If efficient motors 
are promoted, the electricity consumption in this sector will decrease. In order to 
promote the efficient motor, the financial support should be considered and others 
barriers should be studied in depth. 

Further study includes the implementation of the energy conservation strategies 
and biomass utilization for reducing primary energy requirement and mitigating CO, 
emission and other harmful emissions such as SO, and NO, from the power sector. 
Because the reduction of electricity demand results in less energy requirement in the 
power generation which contribute to less environmental emissions, and the biomass 
utilization with plantation is considered as net zero CO, emission. Since Thailand 
is an agriculture-based country, the wastes from agricultural activities such as rice 
husk and bagasse can be utilized as energy sources to produce both heat and power. 
Therefore, not only the imported fossil energy but also the environmental emissions, 
particularly greenhouse gas emission, can be reduced through energy conservation 
activities and biomass utilization. 
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